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Frohlich’s equation, 818-819 
Frustration concept, 9 


Gaussian hypergeometric function, 259 
Gauss’s divergence theorem, 212 

Gibbs free energy, 704 

Glass-phase transition, liquid state, 298-299 
Golay detector, 796 

Gouy’s investigation, Brownian motion, 81 
Green’s function, 93, 131, 143 

Gunn diode, 805 


Halogeno benzenes, 379 

Hamilton’s equations, 209-210, 216 

Hard-sphere dipoles, 744-747 

Hard-sphere potentials, 295 

Heavily doped polyacetylene, electrical conduc- 
tivity, 47-54 

Helium, 299, 330-331 

Helmholtz double-layer hypothesis, 343 

Heptanones, dielectric relaxation mechanisms, 


821-823 
Hexanone-2, dielectric relaxation mechanisms, 
821 


n-Hexylisocyanate, 632 

Hopping integral, 14, 27, 33-34, 39, 43, 47, 61 
Hydrodynamic assumption, 605 

Hydrogen bonding, 326, 392 

Hyperelectronic polarization, 350 


Impatt diode oscillator, 793, 798, 801 
Induced translation, liquids in external electric 
fields, 354-359 
Inertial effects: 
Brownian movement in potential, 148-168 
Debye theory, 145-168 
Inorganic particles, Brownian motion, 80 
Interfacial polarization, 350 
Interferometric spectroscopy, 428 
Intermediate scattering function, 138 
Intermolecular forces, molecular behavior and 
field effects on liquids, 295-298 
lodomethane (CH3I): 
computer molecular-dynamics calculations, 
404-418 
experimental and simulated correlation times, 
408-409 
Ionic or atomic polarization, 349-350 
Isotropic liquid systems, 313-332 
Isotropic phase, rigid-rod macromolecules: 
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dielectric relaxation, 651-653 
steady-flow viscosity, 659-661 


Josephson tunneling junction, 132-133, 178 
fundamental solution, 203-204 
high-resistance, voltage-current characteristic, 

187 


Kashchiev theory, 369-373 
K-band (26-40 GHz) swept-frequency 
reflectometer: 
block diagram, 786 
experimental setup, 785-787 
introduction, 785 
Kerr-effect, 97, 134-135, 170, 332, 400, 425, 
466, 636, 643, 653 
Ketones, dielectric measurements, 815-823 
Bezot-Quentrec-Mori formalism, 815-818 
Debye rotational diffusion, 818-820 
dielectric relaxation mechanisms, 821-824 
introduction, 815 
relation between dielectric relaxation and éf- 
fective molecule radius, 820-821 
Kirkwood correlation factor, 326-327 
Kirkwood-Yvon theory, 749 
Kivelson model, 33-47 
Kolmogorov equation, 119 
Kramers equation, 119-122, 123, 129, 130, 138, 
146, 152, 166, 177, 241-246, 247, 779, 
825-827 
linear response solution, 131 
memory function, 129 
physical phenomena, 132-144 
relation to Smoluchowski equation, 121-122 
solution, 124-144 
Kramers-Kronig dispersion relations, 108 
Kramers theory, breakdown of, 603-629 
activation rates: 
Markovian limit, 612-621 
memory effects, 621-625 
overdamped limit, 612-615 
underdamped limit, 615-621 
dependence on heat bath relaxation time, 627 
dependence on temperature, 626 
dependence on viscosity, 626 
introduction, 602-606 
one-dimensional Zwanzig model, 606-612 
Krypton, Clausius-Mossotti functions of, 756 


Lactic acid (CHOHCH;,COOH), 303, 380 
Lagrange equation, 209, 227 
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Landau-Zener model, ‘580, 581 
Langevin equation, 85-86, 100, 104-105, 112, 
113, 119, 122, 141, 152, 172, 175, 241, 
242, 317, 603-604, 612, 625, 825 
mathematical difficulties, 113-115 
Langmuir trough technique, 339 
Laplace transform, 205 
Legendre polynomials, 169 
Lennard-Jones interaction, 295, 296, 300, 432, 
474, 483 
Lightly doped polyacetylene, electrical conduc- 
tivity, 30-33 
Linearized hypernetted chain (LHNC) theory, 
733-734, 737, 738-744, 747, 752, 755, 
757, 769 
Linear response solution, 131 
Link cell (LC) method, 518-529 
Liouville equation, 119, 213, 216, 219, 603-604 
calculation of averages, 216-218 
Liquid crystalline systems, 309-313 
Liquids, cooperative molecular behavior, 293-376 
collective modes, 309-332 
isotropic liquid systems, 313-332 
liquid crystalline systems, 309-313 
crystal growth in magnetic fields, 363-369 
external electric fields and, 332-359 
bubbling, 351-354 
crystal-growing and thermodielectric effect, 
332-351 
induced translation, 354-359 
introduction, 293-309 
intermolecular forces, 295-298 
liquid state and range of existence, 298-309 
nucleation kinetics, 369-373 
thermodielectric and reciprocal effects, 361-363 
see also Molecular-dynamics computer 
simulation 


Mach-Zehnder interferometer, 791, 792, 796-797 
Macroscopic concepts, dielectric polarization, 
720-733 
Clausius-Mossotti equation, 731-733 
dipole fluctuations, ellipsoidal sample in any 
medium, 723-727 
dipole fluctuations in vacuo, 721-723 
introduction, 720-721 
Onsager model, 726-731 
Magnetic fields, crystal growth, 363-369 
Markov process, 78, 97-98, 99, 115 
Master equation, 78-79 
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Maxwell-Boltzmann law, 74, 105-106, 128 
Maxwell’s formula: 
Boltzmann’s generalization, 72-73 
distribution of velocities in gas, 71-72 
Mean-first-passage time (MFPT), 614 
Mean spherical model (MSM): theory, 733, 737, 
738-744, 747, 752, 755, 757, 769 
Mean-square displacement, Brownian particle, 
84-87 
application to electrical systems, 99-100 
diffusion equation, 90-91 
evaluation of D, 91-93 
limits of validity, 96-97 
Perrin’s verification, 94 
rotational motion, 94-96 
solution of Eq.(5.8), 93-94 
stochastic processes, 97-99 
Measuring processes, Brownian motion and, 
100-103 
Memory fading, 253-292 
computer program, 286-290 
introduction, 254-255 
regression, 265-286 
cluster model, 268-273 
correlation weakening, 273-275 
formal features, 265-268 
remnant memory, 282-286 
thermodynamic irreversibility, 276-282 
trajectory of regression, 275-276 
response function and susceptibility, 255-265 
analytical, 255-258 
experimental validity, 258-265 
Memory function, 129 
Methylene chloride, 808 
Michelson interferometer, 791, 797-798, 800 
Microscopic dynamical state, N-particle system, 
210 
Microwave frequency range, 776-779 
Microwave swept-frequency transmission spec- 
trometer (2-18 GHz), 780-785 
general principles,780-781 
introduction, 780 
limitations, 785 
system design, 781-785 
Miesowicz viscosities, 662, 695-696, 697 
Millimeter-wave spectroscopy, 803-805 
Molecular-dynamics computer simulation, 
377-575 


acetone, 464-474 
acetonitrile, 419-431 



































bromoform, 431-438 
chloroform, 382-404 
computational considerations, 509-529 
hardware, 509-514 
link cells, 518-529 
molecular-dynamics cell shape, 515-517 
neighborhood lists, 517-518 
dichloromethane, 448-464 
different ensembles, 545-558 
constant pressure, 547-558 
constant temperature, 546-547 
equations of motion, 496-509 
center-of-mass motion, 498-509 
force and torque evaluation, 496-498 
rotational, 500-506 ; 
Toxvaerd algorithm, 506-509 
ethylchloride, 474-483 
introduction: 
recent advances, 494-495 
specific liquids, 378 
iodomethane, 404-418 
nonstandard, transport and thermodynamic 
properties, 558-572 
bulk viscosity, 560-563 
second-order properties, 566-570 
self-diffusion coefficient, 570-572 
shear viscosity, 563-566 
theory, 558-559 
thermal conductivity, 570 
structural properties, 536-538 
tertiary butyl chloride, 438-447 
thermodynamic properties, 529-536 
first-order, 529-531 
free energy, 532-533 
second-order, 531-532 
Statistical analysis, 533-536 
transport coefficients, 538-545 
correlation functions, 540-545 
self diffusion, 538-540 
Monodisperse rods, Miesowicz viscosities, 662 
Motion, equations of, 496-509 
center-of-mass, 498-500 
force and torque evaluation, 496-498 
rotational, 500-506 
Toxvaerd algorithm, 506-509 


Neighborhood lists, molecular dynamics, 517-518 

Nematic phase, rigid-rod macromolecules: 
dielectric relaxation, 653-658 

steady-flow viscosity, 661-662 
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Nematics, 301-302, 310-311, 312, 345 
Neon, 294 
Neopentane, 296 
Newton’s equation, 209 
Nichols radiometer, 103 
Nitromethane, 328-330 
Nonadiabatic scattering, 577-602 
introduction, 577-580 
semiclassical approaches, 580-595 
overview, 580-583 
surface hopping techniques, 583-595 
vibrational population relaxation, 595-600 
Nonlinear effects, dielectric relaxation, 168-208 
Nonlocalized phonon (collective translational) 
modes in liquid, 300-301 
Non-polar fluids, dielectric polarization, 749-760 
dielectric catastrophe, 758-760 
graph-theoretical and algebraic analysis, 
749-752 
microscopic fields, 752 
Nonspherical dipoles, 747-749 : 
Nonstandard MD, transport and thermodynamic 
properties, 558-572 
bulk viscosity, 560-563 
second-order properties, 566-570 
self-diffusion coefficient, 570-572 
shear viscosity, 563-566 
theory, 558-559 
thermal conductivity, 570 
Nuclear magnetic resonance (NMR), 135 
Nucleation, external electric fields, 306-307 
Nucleation kinetics, influence of electric and 
magnetic fields, 369-373 


4n-Octyl biphenyl, 363 

Onsager-Kirkwood equation, 741 

Onsager theory, 325, 702-703, 720, 726-731, 
733-734, 755, 757 

for many particles, 726-728 

*‘On site’’ potential, Rice’s model, 16 

Optically pumped methanol laser, 808-811 

Orientation polarization, 350 

Ornstein-Uhlenbeck process, 112, 114, 127, 138 

Ornstein-Zernicke equation, 734, 737, 738 

Overdamped limit, activation rates in Markovian 
limit, 612-615 


Padé approximants, 734, 763-765, 769 
Pair potentials, 216-217 
Pair radial fluctuation function, 537 
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Parametric surface instabilities, dielectric syphon, 
333, 335 
Peierls distortion, 5, 7, 8, 18, 50 
Percolation theory, 25, 40 
Percus-Yevick (PY) approximation, 738 
Periodic lattice distortion (PLD), 7 
Perrin’s verification, Einstein’s formula, 94 
Phase kink, 11 
Phase noise, semiconductor lasers, 167 
Phase space, concept of, 208-216 
Phase-transition hysteresis, 304 
Phonon modes, 300-301, 328 
Pinning, 8, 26, 27 
Plastic crystals (cubic mesophases), 303 
Poincare recurrence theorem, 73-74, 227, 228, 
236 
Point-source solution (Green’s function), of dif- 
fusion equation, 93 
Polar fluids, dielectric polarization, 760-768 
CF,H, CH;F, and CH;CN, 766-768 
graph-theoretical analysis, 760-761 
irreducible averages, 762-763 
Pade approximant, 763-765 
Polarons, 20, 21-22, 27-28, 46, 56 
Poley absorption, 817, 823 
Polyacetylene (PAC), 1-67 
conclusions, 54-58 
electrical conduction, 29-54 
heavily doped, 47-54 
introduction, 29-30 
Kivelson model, 33-47 
‘‘pure’’ and lightly doped, 30-33 
introduction, 2-3 
soliton models, 4-29 
comparison of experimental results, 23-29 
doping mechanisms, 21-22 
general characteristics, 4-7 
Rice’s model, 7-13 
Su, Schrieffer, and Heeger model, 13-18 
Takayama, Lin-Liu, and Maki model, 18-21 
Poly(n-alkylisocyanate) (PAIC), 636, 673, 687, 
702, 703 
Polyamides, 632 
Polyamino acids, 632 
Poly(y-benzyl-L-glutamate) (PBLG), 632, 635, 
653 
Polydispersity, rods in solution, 643-644 
Polyheterocyclics, 632 
Poly(n-hexylisocyanate) (PHIC), 638, 663, 674, 
676, 684, 689, 696, 697 


Polyisocyanates, 632 
Polyisocyanides, 632 
Polymethylacrylate, 802 
Poly(para-benzamide) (PBA), 635, 663 
Polyribonucleotides, 632 
Polystyrene, 802 
Polytetrafluorethylene, 802 
Preston-Tully surface hopping method, 581 
Probability density diffusion equations, 238-246 
examples of derivation, from limiting cases of 
discrete distributions, 238-241 
Kramers equation, 241-246 
n-Propylisocyanate (PHPIC), 632-633, 663, 
699-700 
‘*Pure’’ polyacetylene, electrical conductivity, 
30-33 


Quasistationary approximation, 124 


Radial distribution function, 217 
Random walk, 82, 84 
Reduced distribution function, 217 
Reflection/transition (R/T) amplitudes, 585-586, 
587, 588 
Refractive indices, solids at millimeter 
wavelengths, 800-803 
Regression, memory fading and, 253-292 
computer program, 286-290 
introduction, 254-255 
response function and susceptibility , 255-265 
analytical, 255-258 
experimental validity, 258-265 
theoretical descriptions, 265-286 
cluster model, 268-273 
correlation weakening, 273-275 
formal features, 265-268 
remnant memory, 282-286 
thermodynamic irreversibility, 276-282 
trajectory of regression, 275-276 
Remnant memory, 282-286 
Representative point or phase point, 210-211 
Response function, fading of memory during 
regression, 255-265 
analytical, 255-258 
definition of configuration, 254 
experimental validity, 255-265 
see also Memory fading 
Rice’s model, 7-13 
Rigid dipoles, 733-749 
direct correlation function, 735-738 
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general theory, 733-735 
hard-sphere dipoles, 744-747 

MSM and LHNC theories, 738-744 
nonspherical dipoles, 747-749 


Rigid Gaussian approximation, semiclassical 


dynamics, 592-595 


Rigid-rod macromolecular lyotropic liquid 


crystals, 631-717 
abbreviations and symbols, 712-714 
comparison with experimental results, 662-701 
dielectric and viscosity behaviors, 672-686 
discussion, 686-701 
PAIC, 663-672 
in concentrated solution, 638-651 
diffusion coefficient D', 643-651 
kinetic equation, 640-643 
dielectric relaxation, 651-658, 687-695 
isotropic phase, 651-653 
nematic phase, 653-658 
introduction, 632-638 
rotational relaxation time, 686-687 
steady-flow viscosity, 658-662, 695-701 
isotropic phase, 659-661 
nematic phase, 661-662 
Warner-Flory phase theory, 703-712 
Riseman-Kirkwood relation, 646, 659 
Rocard equation, 157 
Rotational motion, 94-96, 500-506 
Rotational relaxation time, 686-687 
Rotational/translation coupling, 300, 303, 
309-310, 316, 355, 378, 381, 382, 404, 
481 
Rytov dip, 322-323, 380 . 


Schottky diode, 781-782 
Second-order properties: 
nonstandard MD techniques, 566-570 
thermodynamic, 531-532 
vibrational population relaxation, 597-598 
Self-consistent Pade approximants, 734, 763-765, 
769 
Self-diffusion coefficient, 538-540 
nonstandard MD, 570-572 
Self-trapping phenomenon, 361 
Semi-conductor-to-metal transition, 6 
in amorphous materials, 48-49 
‘‘Shear doublet’’ or Rytov dip, 322-323, 380 
Sine-Gordon equation, 134 
Smectics, 302, 312 
Smoluchowski equation, 99, 103-104, 123, 142, 
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163, 180-181, 232, 247-250 
relation to Kramers equation, 121-122 


Soliton models, polyacetylene (PAC), 4-29 


comparison of experimental results, 23-29 
doping mechanisms, 21-22 

general characteristics, 407 

Rice’s model, 7-13 

Su, Schrieffer, and Heeger model, 13-18 
Takayama, Lin-Liu, and Maki model, 18-21 


Spot-frequency methods, 787-791 


introduction, 787-789 
34-GHz transmission, 789-791 


Stationary process or stationarity, 78 
Statistical-mechanical theory of dielectric polariza- 


tion, 719-773 
macroscopic concepts, 720-733 
non-polar fluids, 749-760 
polar fluids, 760-768 
rigid dipoles, 733-749 

Statistical mechanics, 208-252 
Boltzmann equation, 218-227 
calculation of averages, 74-75 

Liouville equation, 216-218 
derivation of probability density diffusion equa- 

tions, 238-246 
early development, 70-71 
Fokker-Planck equation, 246-247 
phase space concept, 208-216 
physical interpretation of H theorem, 227-238 
Smcluchowski equation, 247-250 

Steady-flow viscosity: 
rigid-rod macromolecules, 658-662 

isotropic phase, 659-661 
nematic phase, 661-662 
simulation of behaviors, 672-686 
see also Dielectric relaxation, rigid-rod 
macromolecules 

Stochastic process, 78, 97-99 

Stoke’s falling ball (FB), 696, 697 

Stoke’s law, 85, 87 

Stosszahlansatz (collision-number hypothesis) of 

Boltzmann, 221, 233, 234 

Streaming (collisionless motion of molecules), 219 

Structural fluctuations, fading of memory during 

regression, 253-292 
computer program, 286-292 
introduction, 254-255 
response function and susceptibility, 255-265 
theoretical descriptions of regression, 265-286 

Sturm-Liouville equation, 207-208 
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Su, Schrieffer, and Heeger (SSH) model, 13-18 
Takayama, Lin-Liu, and Maki model as con- 
tinuous limit of, 58-60 
Submillimeter-wave laser system, 811-815 
Summational invariant, 225 
Surface-hopping techniques, 583-595 
time-dependent theory, 590-595 
rigid-Gaussian approximation, 592-595 
time-independent theory, 583-590 
many-dimensional case, 586-590 
one-dimensional problems, 583-586 
Susceptibility function, experimental validity, 
255-265 


Takayama, Lin-Liu, and Maki (TLM) model, 
18-21 
as continuous limit of Su, Schrieffer, and 
Heeger model, 58-60 
Temporal homogeneity, 114 
TEM waves, 779, 780, 792 
Tertiary butyl chloride, 303-304 
computer molecular-dynamics calculations, 
438-447 
experimental and simulated correlation times, 
442 
Thermal conductivity, nonstandard MD, 570 
Thermodielectric effects, consequences of, 
361-363 
Thermodynamic irreversibility, regression and, 
276-282 
Thermodynamic properties, MD computer 
simulation, 529-536 
first-order, 529-531 
free energy, 532-533 
second-order, 531-532 
Statistical analysis, 533-536 
Three-body forces, 296 
Time-dependent Kirkwood correlation factor, 
326-327 
Time-dependent theory, 590-595 
rigid Gaussian approximation, 592-595 





Time-independent theory, 583-590 
many-dimensional case, 586-590 
one-dimensional problems, 583-586 

Toxvaerd algorithm, 506-509 

Transition probability, 79 

Transition probability density, 231 

Transport coefficients, equilibrium molecular 

dynamics, 538-545 
correlation functions, 540-545 
self diffusion, 538-540 

Transport and thermodynamic properties, 

nonstandard MD, 558-572 
bulk viscosity, 560-563 
second-order properties, 566-570 
self-diffusion coefficient, 570-572 
shear viscosity, 563-566 
theory, 558-559 
thermal conductivity, 570 

Tschebychev filter, 783 


Underdamped limit, activation rates in Markovian 
limit, 615-621 


Variable-range hopping, 32 
Vibrational population relaxation, 595-600 
Viscosity: 

bulk, 559-563 

shear, 563-566 


Warner-Flory phase equilibrium theory, 633, 634, 
674, 703-712 

Wiederkhersatz, 228 

Wiener-Khinchin theorem, 79, 140, 167 

Wiener process, 115-119, 245 

WKB wavefunctions, 584, 585, 586 


Xenon, Clausius-Mossotti functions of, 756 
Zero-terahertz spectroscopy, 417 


Zwanzig’s model Hamiltonian, 605, 606-612, 
625 








